Abstract-The local anesthetic activities of 1-(morpholino or piperidino)-2-propanol derivatives were investigated.
local anesthetics generally consists of the hydrophilic amino group (secondary or tertiary amine) which is connected by an intermediated carbon chain to a lipophilic aromatic residue.
Kurihara et al. (5) (6) (7) have synthesized derivatives such as 1-(morpholino or piperidino)-2 propanol derivatives which have tertiary amine, ether-type oxygen or thioether-type sulfur which were substituted for the lipophilic aromatic residue (Table 1) . In this investigation, the local anesthetic activity and the effect on cat spinal reflex were studied. The effect on the sciatic nerve membrane and interaction of calcium on these derivatives were also in vestigated. Their dissociation constants (pKa) were determined in order to study the physico-chemical character of the derivatives in relation to their local anesthetic activities.
MATERIALS AND METHODS

Local anesthetic activity
Nerve trunks anesthesia: Frogs (Rana Nigromaculata), weighing 20-25 g, were de capitated and eviscerated frogs were suspended and the drugs tested for local anesthetic action on the exposed lumbar nerve trunks. The effectiveness of the drugs, which were placed in the pocket formed by the lower abdomen, was tested by immersing the toes of frogs in 0.1 N HC1 to determine the existence of any reflex action. When the withdrawal reflex disappeared, the time for latency and duration was recorded.
Rabbit's corneal anesthesia: Adult rabbits, weighing 2.0-2.5 kg, were used. The hair around a rabbit's eye was cut short and 0.1 ml of 0.5% drugs were dropped into the eye for 1 minute. The cornea was gently touched with a stimulating hair, causing a corneal reflex. When the corneal reflex disappeared, the duration of action of the anesthetic so lutions used in this experiment was recorded in minutes.
Intradermal injection anesthesia: Guinea-pigs, weighing 300-350 g, were used. Dorsal hair was cut and 0.1 ml of anesthetic solution was injected between the layers of the skin producing a local patch of anesthesia. The threshold concentration and duration of anesthesia were measured.
Cat spinal reflex
Spinal cats were used in all experiments. The spinal cord was transected under ether anesthesia at the atlantooccipital junction. The animals were maintained on artificial respiration under slight hyperventilation. The brain was rendered ischemic by ligating the carotid arteries and clamping the vertebral arteries. The ventral root of the seventh lumber (L7) and the first sacral (S1) were cut on the right side, as were dorsal root L; and S1. Blood pressure from the carotid artery was recorded in all experiments to check for any alteration as a result of the drug administration. Monosynaptic reflex (MSR) and polysynaptic reflex (PSR), which were evoked by stimulation of L; dorsal root, were recorded at the L7 ventral root. Dorsal root reflex (DRR) response, evoked by stimulation of L7 dorsal root, was recorded at the S1 dorsal root. Stimuli were supramaximal monophasic rectangular pulses 0.1 msec in duration. The exposed lumbosacral region of the cord was bathed in mineral oil maintained at 36-37'C. MSR, PSR and DRR were photographically recorded by a cathode-ray oscilloscope. The tested drugs were injected into V. femoralis.
Measurement of resting membrane potential
The sciatic nerve isolated from a Bufo Vulgalis was used. Connective tissues were carefully dissected away and a branch 5-6 cm long was isolated. Takano's Ringer solution was employed to make it isotonic when ionic concentration was altered.
Determination of dissociation constant
Dissociation constant (pKa) values of these derivatives were determined with acid-base titration.
Drugs used 1-(morpholino or piperidino)-2-propanol derivatives were used (Table 1 ). Procaine and lidocaine were used to compare the action with these derivatives. Ouabain and 2,4 dinitrophenol (DNP) were used as depolarizing agents. 18 showed no effect at 2 %.
Rabbit's corneal anesthesia: No effect was observed with each compound at 0.5 %.
No. 24, procaine and No. 25 showed the effect from 1 % but not on all of the animals.
These three compounds showed an anesthetizing effect on all animals at 3 %. Effective showed the same effect as 0.25 % in both the response number and effective duration ( Table   2) .
Effects on cat spinal reflex (Fig. 2) .
Effects of propanol derivatives on membrane potential and action potential of sciatic nerve bundle from Bufo
The time course of per cent decrease in amplitude of action potential at 5 min and 20 min is illustrated in Table 3 .
By this method, resting membrane potential was given to be 30-50 mV and action potential was monophasic because one chamber was filled with isotonic KC1 (Fig. 3) . DNP and ouabain were used to determine the depression of resting membrane potential. After No. 25 after 50 min, without depression of resting membrane potentials (Fig. 3) .
Effect of Ca-free medium The mechanism of a local anesthetic action by No. 24 and No. 25 was recognized to resemble that of procaine and lidocaine, so the following experiments were undertaken to obtain information of the relationship between the Ca-ion and these compounds (Fig. 4) .
When DNP and ouabain were administered in a Ca-free medium, action potential was 
Dissociation constants (pKa) are illustrated in Table 2 . (Table 2 ).
In conclusion, it can be considered that there are two active types: One acts from outward with an uncharged form, while the other acts from inward with a charged form, The foregoing data demonstrate that the reduction of spike potential is due to treatment with procaine and lidocaine and that the activities of propanol derivatives are a function of the calcium concentration in the bathing medium. When the external calcium con centration was 0.2 M, procaine and lidocaine reduced the effect. However, when the external solution was calcium free, procaine and lidocaine were markedly potentiated (Fig.   4 ). Similar phemomena were observed in both No. 24 and No. 25. In the case of admin istration of DNP and ouabain such phenomena were not observed.
The concept of competitive interaction between calcium and local anesthetics has been reported in in vitro studies by several workers (33-36) demonstrating calcium binding to phospholipids. Tobias (37) has shown that the axon membrane is a protein-coated bi molecular lipid layer some 100A thick, that a significant proportion of the lipid present is phospholipid and that calcium combines with phosphate in phospholipid.
When the membrane receives the efflux electrical current, the calcium bond is dissociated by potassium which is carried by the electrical current from inward, so that sodium permeability of the membrane is enhanced.
